Abstract-Vehicular Ad hoc Networks (VANET) exhibit highly dynamic behavior with high mobility and random network topologies. The performance of Transmission Control Protocols (TCP) in such wireless ad hoc networks is plagued by a number of problems: frequent link failures, scalability, multi-hop data transmission and data loss.
I. INTRODUCTION
Vehicular Ad-hoc Network (VANET) is a subclass of an ad hoc network. Vehicles in VANET communicate with nearby vehicles or road side units that are mounted in centralized locations such as intersections and parking lots. There are two types of communication: vehicle-to-vehicle (V2V) and vehicleto-infrastructure (V2I). In V2V communication nearby vehicles exchange data by using short range wireless technologies, Wi-Fi and WAVE [1] . Vehicles have a special electronic device that allows them to receive or relay messages. In V2I, vehicles are connected to the nearby road infrastructure via continuous wireless communication through Wi-Fi hotspots or long/wide range wireless technologies for exchanging information relevant to the specific road segment. In this work we consider V2V communication.
In V2V, each vehicle (a vehicle in a network) transmits a message to other vehicles using on-board units. The movement of vehicles although are in an organized fashion, that is, in accordance to traffic rules, traffic signals, limits and speed signs, there are some challenges posed in developing an efficient routing algorithm for VANET [2] . First, the life time of the links are affected by the mobility of the vehicles, that is, the connectivity between the vehicles. Second, due to dynamic network topology, the routing tables of each vehicle needs to be configured frequently requiring lots of communication and causing congestion [3] , [4] . This makes delivery of packets to destination very difficult. In this paper, we have developed a multi-path routing algorithm that considers the mobility patterns along with propagation and traffic conditions.
In general, vehicles use wireless network as the primary medium to communicate with other vehicles in their radio range using routing protocols. The routing protocols exchange topology related information within the network to find an efficient path between vehicles. The classification of routing protocols is based on the routing strategies and the number of path constructed [5] . Based on the routing strategies, routing protocols are categorized into five different groups [6] : (1) topology-based routing, (2) position-based routing, (3) clusterbased routing, (4) broadcast routing and (5) geocast routing. In topology based routing, the topology information is stored in a table and updated on request or intermittently. An example of this routing protocol is AODV [7] . Position based routing protocols use the position of the vehicles using systems such as GPS to route packets (GPSR [8] ). Cluster Based Routing (CBR) [9] nodes are clustered to create a virtual network infrastructure. The geographic area is divided into a grid and a node is selected as a cluster head. The cluster head is responsible for inter and intra-cluster coordination. Broadcast routing protocols (eg., BROADCOMM [10] ), flood the network to send packets. Geocast routing protocols (eg., IVG [11] ) deliver packets within a geographical area thereby restricting flooding within that zone. There are pros and cons for each of these routing strategies. In this work, we use ideas from topology and position based routing strategies in our algorithm.
The routing protocols in VANET can be described as either single path, carry and forward path or multi-path routing. The existing multi-path routing algorithms include Ad hoc On-Demand Multi-path Distance Vector (AOMDV) [12] , S-AOMDV [13] , AODVM [14] . These protocols are improved versions of AODV and its counterparts. These are reactive protocols. They are also not scalable. For example, S-AOMDV uses extra packets to improve route discovery and route failures. This causes increases traffic congestion and underutilization of the bandwidth.
Several works in mobile ad hoc networks [15] - [24] have shown that nature inspired (bio-inspired or swarm intelligence) algorithms inspired by insects such as ant colony based optimization (ACO), can be successfully applied for developing efficient routing algorithms. These algorithms have a number of benefits compared to other routing algorithms [25] , [26] . For example, they reduce the routing overhead by sharing local information for future routing decisions. They also provide multiple paths enabling selection of another route in case of link failure on the previously selected path.
To our knowledge, Mobility-aware ant colony optimization routing algorithm for vehicular ad hoc networks (MAR-DYMO) [27] is the only nature inspired routing algorithm for VANET represented in the literature. This is a reactive protocol that uses broadcasting mechanism to send packets to all the vehicles in the network, thereby, consuming large amount of bandwidth and hence not scalable.
Our proposed ACO algorithm is a hybrid routing algorithm [23] that makes effective use of the bandwidth. This algorithm is scalable and robust to link failures. We subdivide the nodes into zones with each vehicle belonging to one or two overlapping zones. We use proactive approach to find a route within a zone and reactive approach to find routes between zones using the local information stored in each zone thereby trying to reduce broadcasting and congestion. We make use of the vehicle's movement pattern, vehicle density, vehicle velocity and vehicle fading conditions to develop our multi-path algorithm, Mobility Aware Zone based Ant Colony Optimization Routing for VANET (MAZACORNET).
Note that the algorithms developed for MANET cannot be applied as is to VANET because of high mobility of VANET's nodes. This high mobility causes nodes to move far away from each other within a short time period making location management and connection management important issues to be considered while designing routing algorithms for VANET. In MAZACORNET, location management is done by means of Global Positioning System (GPS), which provides vehicles position and speed. These are two parameters important to VANET. Connection management, which maintains stable routes between the vehicles, needs to be calculated continuously. This translates to determining the link stability, an important parameter to make intelligent data forwarding decisions for overall routing performance. Using the speed and position values of the vehicles, we calculate the link stability.
Radio propagation models provide information about the reception probabilities that help in determining the fading conditions of the vehicles. In our algorithm, we use the Nagakami radio propagation model [28] . This probabilistic model describes the rapid fluctuation of the received signal due to multi-path fading. The probability distribution function together with link stability parameter is incorporated in our ACO algorithm to study the data packet reception probabilities in dynamic VANET environment. We evaluate MAZACORNET using three different tools. We used VanetMobiSim traffic simulation tool to generate realistic vehicular mobility traces, NS2 network simulator, which generates the communication environment and supports simulation of routing, multicast, transport protocol over wired and wireless network and Awk to provide interpret the NS2 file. We compared and evaluated the performance of MAZA-CORNET to the existing protocols, AODV, GPSR, AMODV.
II. ANT COLONY OPTIMIZATION
Problem solving approaches that take their inspiration from nature (the social behavior of insects and other animals) are termed as Swarm Intelligence (SI). Ant Colony Optimization is one of the significant SI technique that has been widely applied in providing solution to static and dynamic problems [29] .
The behavior of ants have been studied by Goss [30] which shows that ants are able to determine, over time, the shortest path from their nest to a food source and also adapt easily to path disruptions that may occur. This behavior is explained using Figure 1 . As ants move from source to destination they deposit a chemical substance known as pheromone on their path which evaporates overtime. As more ants come along, they are attracted by pheromone and continue along the trails of the previous ants. The ants are usually attracted towards the higher concentration of pheromones, which enables them to choose shortest path since these would retain a higher concentration each time than longer paths. This process of indirect communication is an example of stigmergy. 
A. Link Stability
Location management and connection management are important issues to consider while designing routing algorithms. Commonly, location management is done by means of using the Global Positioning System (GPS), which provides vehicles position and speed. We have used GPS in our work. Connection management, which maintains stable routes between the vehicles, needs to be calculated. This translates to determining the link stability, an important parameter to make intelligent data forwarding decisions for overall routing performance.
Let us assume i and j are two vehicles on the road. Using GPS, we obtain the initial positions of i and j denoted as (X i0 , Y i0 ) and (X j0 , Y j0 ) as well as their initial speed, V i0 and V j0 , respectively. If the vehicles are in the same communication range, they will be assumed to be neighbors. We have used D to denote the distance between the two vehicles and R to denote the communication range. If D > R, the link between the vehicles will break. The lifetime (∆t) of the link ij from current time, t 1 , to initial time, t 0 , when D = R is ∆t. Given, the initial position of vehicles and speed information, the lifetime (∆t) is calculated using the distance formula given below [31] .
where
The Link Stability (LS) of link ij [32] is calculated using the following Equation:
Here, t max is a constant parameter and corresponds to the validity period of the time of the routing table. In our algorithm, this link stability parameter will be used to make data forwarding decision resulting for overall better routing performance.
B. Modelling ACO Equations for VANET
The pheromone parameter is the most important component of the ACO algorithm. Recall that a pheromone is the scent deposited on the ground to attract more ants to follow their path. For VANET, the increment and decrement (evaporation) of the pheromone concentration on the link provides information on the quality of the link, in particular lifetime of the link. To identify the quality of the link, we find the amount of pheromone deposited by an ant along its path from source to destination on link ij. The calculation of pheromone deposit, ∆φ ij , on link ij depends on the Link Stability (LS) of ij and the probability of successfully receiving the message P R as provided in Equation 3
where LS is the link stability calculated in (2) and P R is the probability of successfully receiving the message. The probability of successfully receiving the message depends on the distance between the vehicles lying within same communication range and can be estimated by using the Nakagami Fading Model [33] .This model captures the dynamics of VANET in highway [34] and urban [35] scenarios and the probability is given by
where m is the fading parameter. For example if m = 3 it implies a fast-fading parameter or moderate radio conditions. Using Equations (3) and (4), the pheromone deposit on link ij is calculated as:
Pheromone Evaporation: In the ACO algorithm, the evaporation rate, φ is usually set as a constant parameter [17] . However, in our algorithm, we have considered different evaporation rates for each and every link based on the estimated link lifetime. Therefore, the evaporation on each link ij is represented as ρ ij [27] :
where is the least amount of pheromone associated with link and tev ∆t is the reciprocal of the number of times evaporation is performed.
Now that the ACO algorithm for routing in VANET has been explained, we will describe our hybrid Mobility Aware Zone based Ant Colony Optimization Routing for VANET. This algorithm is scalable and uses the benefits of reactive and proactive routing algorithms.
C. Zone-based ant colony VANET algorithm
In our algorithm the network is divided into zones. For routing the packets, we follow a proactive approach within the zone and a reactive approach between the zones. The radius length measured in hops determines the size of the zone. A vehicle can exist within two overlapping zones and the zones can vary in size. A vehicle is categorized as interior vehicle, boundary vehicle and exterior vehicle. All the vehicles within a zone having a hop distance of less than the radius are known as interior vehicles. The overlapping vehicles within the zones with the hop distance equal to the radius are known as boundary vehicles and the vehicles with the hop distance greater than the radius are known as exterior vehicles. The two main phases of routing, route discovery and route maintenance can either happen within the zone or between zones. We have used two routing tables : Intra zone routing  table and Inter zone routing table. The Intra zone routing table  proactively updates the information within the zone, whereas,  the Inter zone routing table tracks the information between the zones, on demand. During route discovery and maintenance, we have used five different types of ants. These are: internal forward ants, external forward ants, backward ants, notification ants, error ants. The data structure of the ant contains Source, Destination, Sequence number, Type, Hops, Speed, Position and Path.
• Source: Source node address is stored in source field.
• Destination: This field stores the destination address. This field is left blank for internal forward ant and stores the destination node address for external forward ants.
• Sequence Number: Each ant is tagged with a sequence number, stored under sequence number field.
• Type: There are five types of ants which are described in the Type field. 0 is internal forward ant, 1 is external forward ant, 2 is backward ant, 3 is notification ant, 4 is error ant.
• Hops: It is used to indicate the number of hops between the node and all the nodes within its zone. This field helps to differentiate between a peripheral node and an internal node. For internal forward ant, the zone radius is assigned and for external forward ant, we leave this field blank.
• Speed: It is the speed of the vehicle.
• Position: This field contains the current position of the vehicle.
• Path: Path field represents the sequence of nodes between source and destination. The phases are explained below as: a) Route discovery within the zone: The Intra zone routing table is used for route discovery within the zone. This table will contain the information about all the vehicles within the zone and the internal forward ant periodically (every .20s) updates the vehicle's information in the table. The columns in the table represent all the vehicles within a zone while the row represents the vehicles that are one hop away from each of the vehicles, that is the degree of each vehicle. Therefore the size of the table is the number of vehicles within a zone x the maximum degree of all the vehicles. In this routing table, we have incremented and decremented (evaporate) the pheromone concentration on the vehicles based on the identified route, using Equations 5 and 6. When source needs to send information to the destination, it first looks up the columns of its intra zone routing table. If the destination is found within its zone, the route discovery process is done. Otherwise, the route discovery process continues between zones.
b) Route discovery between the zones: When the vehicle fails to find the destination with the zone, Inter zone routing table is used to identify the new route using the boundary vehicles. External forward ants are sent to the boundary vehicle for route discovery which will in turn forward to the next boundary vehicle from its current location, until the destination vehicle is found. If the destination vehicle is found, then the backward ant will traverse back to the source, based on the inherited route. However, if the destination is not within the current vehicle's zone or the path's lifetime has expired, the route discovery process will be repeated using the boundary vehicle from the current zone. c) Route maintenance: Route paths may break because of the dynamic nature of the network. If the broken route is within the internal zone, then it is repaired periodically using the proactive approach, but if the Inter zone route breaks, then the upstream vehicle of the broken link is used to store the packets and find an alternative path. When the alternative route is identified, then a notification ant is used to update the new route on the source vehicle. If an alternative route is not identified, then an error ant is used to notify the source vehicle about route failure.
IV. EXPERIMENTAL RESULTS
We implemented MAZACORNET using NS2 simulator [36] . VanetMobiSim, NS2 and AWK are the three open source tools which are used during the simulations.
The Vehicular Ad Hoc Network Mobility Simulator (VanetMobiSim) [37] , is an extension to CanuMobiSim [38] . This extensible framework includes number of mobility models and also parsers for geographic data sources in different formats. Currently, VanetMobiSim provides two mobility models Vehicular spatial model and Vehicular-oriented mobility model. Vehicular spatial model is composed of spatial elements such as traffic lights or multi-lane roads whereas vehicularoriented mobility model manages intersections and vehicles acceleration and decelerations. VanetMobiSim provides great flexibility in creating more realistic traffic scenarios. For generating a real traffic scenario using the XML files, we have installed VanetMobiSim, CanuMobiSim, Java development Kit and Apache Ant v1.7.
NS2 simulates mobile nodes and the mobility of the nodes is specified either in simulation file or in mobility trace file. In our simulation this trace file is generated using VanetMobiSim.
Awk is a data extraction and reporting tool which we used for the purpose of producing formatted reports. Figure 3 defines the VANET simulation process. First, we defined the mobility scenario in a XML file, launched VanetMobiSim framework to produce a vehicle mobility trace file in NS2 format containing time, velocity and positions of the vehicles. Then we incorporated this file to communication definition file, implemented in Tcl language and ran the simulation. This gave us the NS2 trace file with all the routing events that occurred during simulation. Finally, we used the AWK tool to filter the event trace file to extract all the significant data required for the evaluation of our algorithm. 
A. Simulation Process

B. Simulation Setup
During simulation we used urban traffic scenario with random street configuration. Initially we started with 25 vehicles in the 500 x 500 m 2 area, including 10 traffic lights with step of 20 seconds and later gradually increased the vehicles to 100 in the 1500 x 1500 m 2 area. Following is the network configuration of the simulations in NS2:
• Simulation time is set to 2000 seconds. Vehicles motion starts at t=0s and transmission starts at t=100s.
• Number of vehicles has been set to 25, 50, 75 and 100.
• In all simulations there are only one source node and one destination node.
• Packet Length is 512 bytes.
• The queue selected is PriQueue which gives priority to routing packets.
• IEEE 802.11b and IEEE 802.11p was selected as MAC protocols. • Nagakami propagation model was selected • MAZACORNET is the routing protocol used in the simulations.
• Other algorithms used for comparison are AODV, AMODV, GPSR.
C. Simulation Metrics
To analyze the efficiency and effectiveness of our routing algorithm we used the following six metrics:
• Average end-to-end delay: This metric shows the time required for a packet to go through the network from source node to destination node. It characterizes the latency generated by the routing approach.
• Packet delivery ratio: The metric shows the ability of routing protocol to transfer end-to-end data successfully.
It is the percentage of data packets received by the destination relative to data packets sent by the source node.
• Data throughput: This metric considers the ratio between the total bits that source node is able to inject to the network and reach destination node within a particular time frame. For example, if x number of bits are delivered within t time at a node then the throughput at the node can be defined as x t .
• Routing Overhead: This metric measure the additional traffic generated by the routing protocol for packets successfully delivered. It is defined as the number of extra duplicate routing packets per number of data packets received at destinations.
• Scalability: This metric measures the capability of an algorithm in handling a growing number of nodes.
D. Simulation Results
In this section, we present the results comparing the performance of MAZACORNET with other existing routing algorithms. Figure 4 shows the end to end delay of MAZA-CORNET in comparison to AODV, AMODV and GPSR. MAZACORNET produces better results than other algorithms. This is because of the zone framework and the local intrazone routing table and interzone routing table. In intrazone table routes are maintained proactively within the zone whereas, in interzone the path's recently visited by ants are stored. Since, paths are readily available this helps in achieving fast end to end packet transmission. We adjust the evaporation rate of pheromone on the links based on Equation 6 , so that broken links can be easily discarded by ants. These reasons allow MAZACORNET to produce better end to end delay results. Figure 5 shows the delivery ratio for MAZACORNET and other existing routing algorithms (AODV, AMODV, GPSR). When there are fewer vehicles in the network MAZACORNET did not show a good delivery ratio. This can be attributed to the intermediate vehicle or boundary vehicle that could not deliver packets because of less pheromone concentration on the link as a result of moving vehicle. In this scenario the upstream vehicle buffers all the packets and use repair procedure to find the alternative path to the destination. Once new path is discovered a notification ant is sent towards source vehicle new route. Also, buffered packets are delivered to destination node using this newly identified route. In other scenario if all upstream and downstream vehicles are moved away then data packet is dropped. Note that as the network size increases and with more neighbors for a vehicle, the delivery ratio for MAZACORNET is better than other algorithms. This is because the ants can choose from multiple paths rather than a single path as in AODV and GPSR. Figure 6 shows the routing overhead of MAZACORNET and other routing algorithms. AODV, AOMDV are pure reactive protocol with no concept of zone. Whereas, MAZACOR-NET is proactive within a zone. The routes within the zone are maintained by periodically sending the control packets. This is a major reason of the overhead in MAZACORNET. When the network size increases a vehicle has more choices for paths to destination which proves the algorithm to be multi path algorithm. The next evaluated metric is data Throughput. Figure 7 shows the evolution of data throughput throughout the simulation. Here, the number of vehicles is varied keeping simulation area and radius of the zones constant. Therefore, increase in the number of vehicles increases the number of vehicles within a zone creating a higher concentration of the vehicles within a zone. So when ant traverses in a zone with higher concentration, the probability of getting lost decreases which increases throughput. These results are highly related to those discussed for the packet delivery in Figure 5 , as higher the received packet ratio, the higher is the data throughput. Next we observe the packet delivery ratio, routing overhead and end to end delay with varying zone radius and vehicles.
In Figure 8 we increase the zone radius from 2 to 10 with varying vehicle count. When the zone radius is 10 and number of vehicles is 100, a vehicle is reachable from other vehicles easily. On the other hand with radius of 2 and 100 vehicles, the number of vehicles in each zone is sparse. MAZACORNET as seen before works well for dense networks as ants are able to find multiple paths. Therefore, from Figure 8 we can see that 100 vehicles with zone radius of 10 shows high delivery ratio. Fig. 8 . Packet delivery ratio with various zone radius Figure 9 shows end to end delay for varying vehicle counts and zone radius. When the number of vehicles is 100 and zone radius is 2, it takes more time to transmit packets across the network. Whereas in case of 100 vehicles and zone radius of 10, it takes less time to transmit a packet. This is because MAZACORNET starts to work proactively accepting a lot of vehicles within a zone. Hence, Figure 9 shows for large number of vehicles and larger zone radius we have better end to end delay than less number of vehicles and smaller zone radius. In Figure 10 we increase zone radius from 2 to 10 with varying vehicle count. When the number of vehicles is 100 and zone radius is 2 we have less congestion on the network. On other hand with zone radius of 10 and vehicles count of 100, we have more congestion due to more vehicles and proactive ants which keeps updating the routing table frequently. Though MAZACORNET provides good network connectivity, meaning there will be more routes available, it generates much more control traffic. Therefore, from Figure 10 we can see as the number of vehicles and zone radius increases we have high routing overhead. In summary, in this section we described the simulation process we used to evaluate our algorithm, several metrics we used to compare our algorithm with other existing algorithms and the performance of our Mobility Aware Zone based Ant Colony Optimization Routing for VANET. Results show that the algorithm is suitable for urban scenarios or in other words for dense network. When the network is dense the algorithm achieved higher delivery ratio and lesser end to end delay though routing overhead increased because of congestion. However, MAZACORNET still performed better than other existing algorithms because of good network connectivity achieved because of its multipath properties.
V. CONCLUSIONS
We proposed a swarm based hybrid routing algorithm for VANET. This is a multipath routing algorithm with no concept of message broadcasting. Reactive and proactive algorithm works together to find a route to the destination. One of the important issues in the ACO algorithm is modeling the dynamic environment in VANET. We use the Nagakami probability distribution function to study the dynamic data packet reception probabilities in VANET. The algorithm, subdivides the vehicles into zones. The algorithm applies proactive routing within a zone and reactive routing between zones.
The results of the algorithm show that the algorithm works well for dense networks. The algorithm produces better delivery ratio and is scalable for zones beyond four. When compared to other existing VANET algorithms, the hybrid algorithm proved to be more efficient in terms of packet delivery ratio and end to end delay. The algorithm is suitable for urban scenarios or in other words for dense network where there are more vehicles within the zone. Route maintenance strategy is used due to the continuous movement of the vehicles. We have used the vehicle position and speed to make predictions on the mobility of the vehicles. Our work focuses and emphasize on the use of ACO in the routing algorithms for VANET. In conclusion, the hybrid ACO algorithm is scalable and achieves good network connectivity. To our knowledge is the first ant based routing algorithm for VANET that uses the concept of zones.
